Vitamin D receptors are found on nearly all human cells, suggesting the compound's ubiquitous importance for cellular function. [1] [2] [3] [4] [5] [6] [7] Recent orthopaedic literature has focused on the impact of vitamin D deficiency on bone health. These studies have shown that vitamin D deficiency is associated with osteoporotic fractures, [8] [9] [10] [11] [12] [13] [14] stress fractures, [15] [16] [17] [18] [19] and nonunions. 20 Hip fractures in the elderly, in particular, have been consistently shown to have a strong relationship to vitamin D deficiency, and recent studies found that as much as 90% of hip fracture patients had vitamin D deficiency. 10, 12, 13 Currently, there is limited literature on the association between vitamin D levels and acute fractures, especially of the foot and ankle. 21, 22 Though there is no consensus on optimum serum levels of vitamin D, hypovitaminosis D is used generally in reference to serum vitamin D levels <30 ng/mL (multiply by 2.496 to convert to nmol/L). Levels between 20 and 30 ng/ mL are considered insufficient while values <20 ng/mL represent deficiency. The purpose of this prospective study is to determine the prevalence of vitamin D insufficiency in patients who sustained acute metatarsal fractures compared to those who sustained foot or ankle sprains without osseous involvement, despite similar mechanisms of injury. A secondary aim was to assess if a low-energy metatarsal fracture could be used as a key clinical marker to identify patients with low serum vitamin D, with the hopes that capturing this patient population would enable physicians to better identify patients with vitamin D deficiency and begin treatment earlier. This could theoretically reduce the risk for future orthopaedic problems associated with vitamin D deficiency. Our hypothesis is that patients with a low-energy insult resulting in metatarsal fracture will have lower serum vitamin D levels compared to a group with foot or ankle sprains without osseous involvement.
Methods
The institutional review board at the investigator's institution approved this study. All patients presented to the same hospital system in St Paul, MN (latitude 44.98°N) between May 2012 and August 2014. Eligible study subjects were those who sustained low-energy (ground-level fall or equivalent), closed foot and ankle injuries, and aged between 18 and 85 years. Exclusion criteria included highenergy injuries (falls from height greater than standing or injuries secondary to motorized or nonmotorized vehicles), stress fractures, peripheral neuropathy, chronic kidney disease, other concomitant fractures, and pregnancy. The study subjects were divided by injury type into a group with fracture of any of the metatarsal bones and a group with foot or ankle sprain but without evidence of osseous injury on X-ray. Patients were enrolled over the period of 2 years to include all seasons and to account for seasonal vitamin D fluctuations.
Patients completed a survey that collected information regarding smoking status, use of vitamin D supplementation, use of calcium supplementation, history of previous fractures, history of vitamin D deficiency, history of osteoporosis or osteopenia diagnosis, or any recent steroid use. Serum 25(OH)D level was drawn from a peripheral vein within 30 days of injury, and the blood samples were analyzed for 25(OH)D concentration in the hospital laboratory's usual fashion. Sufficient, insufficient, and deficient levels of vitamin D were defined as ≥30 ng/mL, 20 to 30 ng/mL, and <20 ng/mL, respectively. 23 
Demographic Data
Ninety-nine patients were included in our study (Table 1 ). In the fracture group, 71 patients (12 men and 59 women) met the inclusion and exclusion criteria. The mean age was 51 (range = 18-83) years. The most common injury was a fifth metatarsal fracture (61, 86%), and the most common mechanism of injury was a twisting/inversion injury (44, 62%), followed by a ground-level fall (22, 31%) . The second group consisted of foot or ankle sprains that presented to the clinic within the same time frame as the fracture group. The sprain group contained 28 patients (11 men and 17 women). The mean age was 41 (range = 18-83) years. Again, the most common mechanism of injury was a twisting/ inversion injury (21, 75%), followed by a ground-level fall (4, 14%). Additional demographic data are found in Table 1 .
Statistical Analysis
Categorical data were summarized using counts and percentages; relationships between subpopulations and fracture versus sprain were assessed using Fisher's exact test. Serum vitamin D levels were reported in categories and also as continuous data (mean ± standard deviation). ANOVA was used to assess between-group differences in vitamin D levels.
In an initial power analysis, a 30% difference in vitamin D levels between the 2 groups was defined as clinically significant. A 2-sided 2-sample t test with α of .05, based on 50 fractures and 20 sprains, had 91% power to detect a 30% insufficiency difference and a 98% power to detect a 30% deficiency difference. A post hoc power analysis was done to establish the magnitude of vitamin D differences that would be detectable with 80% power, given 71 fractures, 28 sprains, a 2-sided 2-sample t test, and an α of .05. We determined that the minimum detectable difference in serum vitamin D was 8 ng/mL. The omnibus P value for vitamin D as a 3-level categorical variable versus fractures (yes/ no) was computed using Fisher's exact test. Subgroup analyses were conducted to determine patient characteristics associated with differing vitamin D levels.
Microsoft Excel (Microsoft Corporation, Redmond, WA) was used to collect and store the data. The statistical analysis was done in SAS 9.3 (SAS Institute, Cary, NC).
Results
The mean vitamin D level in the fracture group was 26.9 ng/mL (range = 4.3-78.0), and in the sprain group was 27.1 ng/mL (range = 8.3-64.1; P = .93). Among the fracture group, 47 (66%) had a vitamin D level <30 ng/mL and 18 (25%) had a level <20 ng/mL. Among the sprain group, 20 (71%) had a vitamin D level <30 ng/mL and 9 (32%) had a level <20 ng/mL. Between the 2 groups, the omnibus P value for sufficient, insufficiency, and deficiency was .81 (Table 2 ). When fracture status was used as a univariate predictor, the estimated odds ratio for a 1-step worsening of vitamin D status was 0.75 (95% CI = 0.33-1.69; P = .49).
There was a significant difference seasonally (P = .02) with more sprains during the summer and more fractures during the winter. Other predictors of fracture risk were older age (P = .001), white/non-Hispanic race (P = .003), female gender (P = .03), and current or former smoking (P = .01). Variation in vitamin D levels, however, did not correlate to these differences.
Subgroup analysis (Table 3) showed a significant difference in vitamin D levels with calcium (P = .002), vitamin D (P = .0002), and calcium + vitamin D (P = .001) supplementation, although use was no different between the fracture and sprain groups. Additionally, a significantly higher vitamin D level was seen in individuals >65 years (P = .01), non-Hispanic/whites (P = .05), and in individuals with a body mass index < 30 (P = .01). None of these characteristics independently predicted or correlated to fracture risk.
Of note, the mean age of patients with a diagnosis of osteopenia or osteoporosis was 61.7 years (range = 54-75) versus 46.0 years (range = 18-83) without the diagnosis (P = .002). Of those with a diagnosis of osteopenia or osteoporosis, 92% used vitamin D and/or calcium supplementation versus 41% without the diagnosis (P = .01).
Discussion
In this study, no relation between vitamin D levels and the incidence of sustaining a metatarsal fracture versus a sprain with a similar mechanism of injury was found. Our results were consistent with the null hypothesis that there was no difference in serum vitamin D levels, nor prevalence of insufficiency or deficiency, between fracture and sprain patients. Vitamin D insufficiency of 66% in the fracture group and 71% in the sprain group is consistent with the prevalence in the literature among orthopaedic trauma patients of ~70% 24, 25 and elective surgery patients of 67%. 26 Our results suggest that patients who present with metatarsal fractures are no more likely to have low serum vitamin D levels compared to patients with foot or ankle sprains without osseous involvement; therefore, testing for vitamin D insufficiency should be based on other clinical criteria. Our study is the first to prospectively show that vitamin D levels are no different in acute metatarsal fracture patients compared to patients with foot or ankle sprains without osseous involvement. In the previous foot and ankle literature, Smith et al reported that 47% of patients with foot and ankle fractures had a vitamin D level <30 ng/ mL, while a control group only had 29% (P < .05). 21 The study group was composed of a heterogeneous population of patients including ankle, metatarsal, and stress fractures. Additionally, the control group had serum vitamin D levels retrospectively collected over a 10-year period before the study patients were seen. Clutton and Perera measured the mean vitamin D level in 32 patients with fifth metatarsal fractures and found 65% to be insufficient, although they did not compare to a nonosseous group. 22 Stress fractures were excluded from our study given the different mechanism of injury; they generally result from repetitive tensile or compressive stresses causing microtrauma in the bone. 17, 18 Several large studies support the findings that low vitamin D levels may be associated with an increased risk of stress fractures, especially in the lower extremities. 15, 16, 19, 27 Given the different mechanisms of injury, there is potential for further investigation into vitamin D's impact on bone matrix and how it relates to stress fractures compared to acute fractures.
In terms of secondary outcomes, our findings that individuals with a body mass index >30.0 kg/m 2 had a significantly lower serum vitamin D level is consistent with the literature. 28, 29 Lower vitamin D levels are likely due to the compound's lipid solubility, sequestering in adipose tissue, lowering the available compound in the blood. 29 We observed higher vitamin D levels in non-Hispanic/ whites, which has also been commonly supported in the literature. 5, 6, 30, 31 The higher vitamin D levels seen in patients >65 years of age and those with osteopenia or osteoporosis could relate to supplementation use. With increasing age, individuals can be more likely to be diagnosed with osteopenia or osteoporosis and recommended to take vitamin D and calcium supplementation. It is well documented that supplementation use will increase serum levels of vitamin D levels, [32] [33] [34] but recent meta-analyses on vitamin D supplementation have found minimal benefit in relation to bone mineral density 35, 36 and hip fracture prevention. 9, 14, 32, [37] [38] [39] [40] [41] Interestingly, though, the US Preventive Services Task Force does note an apparent 11% reduction in falls with vitamin D supplementation, 39, 42 which may be attributed to vitamin D's effect on muscle cells and therefore balance. 43 More research is needed to assess the impact of vitamin D on muscles and how this relates to injury risk. Our study did have several limitations. The metatarsal fracture and sprain groups were not matched in terms of demographics. This may represent that sprains and metatarsal fractures occur in very different populations. Older populations are more likely to get lower extremity fractures, while younger populations are more likely to get nonosseous injuries, 44 independent of vitamin D levels. This study only included those patients who presented to the foot and ankle clinic for follow-up soon after their initial injury. Patient selection, and therefore reporting, could have been affected by age, gender, ethnicity, socioeconomic status, and care-seeking behavior. Additionally, our sample size was small and the study groups were from a single site at the same latitude. This does not necessarily make the results generalizable, but does add valuable information to the growing data on vitamin D deficiency. Furthermore, patients who present to the emergency department or foot and ankle clinic do not necessarily represent the general population, though it likely reflects the population encountered most commonly by foot and ankle specialists.
Conclusion
A high incidence, between 66% and 71%, of hypovitaminosis D was seen in our group of foot and ankle patients. There was no difference in the mean vitamin D level or incidence of vitamin D insufficiency between patients with metatarsal fractures versus sprains with similar low-energy mechanisms of injury. No causal relationship was established between serum vitamin D levels and metatarsal fractures. This is one of the few articles in the current literature assessing the potential role of vitamin D levels in patients with acute foot fractures. Our results suggest that patients who present with acute metatarsal fractures are no more likely to have low 
